a b s t r a c t RA associated with oxidative stress and chronic inflammation has been a major health problem among the population worldwide. In this study protective effect of methanolic extract of Adhatoda vasica leaf (AVE) was evaluated on Collagen-induced arthritis in male Swiss albino mice. Post oral administration of AVE at 50, 100 and 200 mg/kg body weight doses decreased the arthritic index and footpad swelling. AVE administration diminished pro-inflammatory cytokines in serum and synovial tissues. Reduced chemokines and neutrophil infiltration in synovial tissues after AVE administration dictated its protective effect against RA. Decreased LPO content and SOD activity along with concomitant rise in GSH and CAT activities from liver, spleen and synovial tissues indicated regulation of oxidative stress by AVE. In addition decreased CRP in serum along with suppressed TLR-2 expression in CIA mice after AVE treatment was also observed. Protective effect of AVE in RA is further supported from histopathological studies which showed improvement during bone damage. In conclusion this study demonstrated A. vasica is capable of regulating oxidative stress during CIA and therefore down regulated local and systemic release of pro-inflammatory mediators, which might be linked to mechanism of decreasing synovial TLR-2 expression via downregulating release of its regular endogenous ligands like CRP.
Introduction
Rheumatoid arthritis (RA) is an autoimmune disease affecting about 1e2% of the world's population [1] , characterized by systemic and irreversible destruction of the cartilage, tendons and bone initiated upon deposition of autoimmune complexes into synovial joint spaces. However the factors responsible for development of RA are not clear, genetic polymorphisms and environmental factors were mentioned to contribute in RA pathogenesis [2] . Chronic inflammation during RA is associated with severe oxidative stress and inflammatory reactions into joints and other tissues [3] , therefore agents with anti-inflammatory and anti-oxidant potentials will possess obvious means of their use against RA [4] .
Existing treatment options in RA includes targeting of different molecules on B-cells, e.g. rituximab, ocrelizumab and veltuzumab; targeting cytokines by means of specific monoclonal antibodies, but many of them has been banned for their disadvantageous effects [5] . A number of different anti-inflammatory drugs have also been introduced such as naproxen, salsalate, tolmetin and NSAIDS, blockers of COX-2, which also possess potential side effects [6] . Antioxidant supplement has been suggested as alternate therapeutic approach that possesses lesser risk has been mentioned in many studies [7, 8] .
Application of natural products has been potential remedies in treatment of RA in the old practice of traditional medicinal system. A. vasica Nees, the acanthaceae is a medicinal herb that is being used in indigenous system for several hundred years and is considered as an official drug in Pharmacopoeia, India, 1994. Antioxidant properties in different parts of this plant have been well documented in a number of studies [9] . Anti-inflammatory potential of pyrroloquinazoline alkaloids from this plant has been shown against adjuvant-induced experimental arthritis in mice [10] . Since RA is a chronic inflammatory disease, associated with oxidative stress and inflammatory reactions initiated by a complex network of signaling, treatment with a natural extract containing an array of important bio-active molecules will obviously possess beneficial effect over the use of any isolated and purified compound.
Involvement of the components of innate immune system always have been interesting in the area of rheumatology and were investigated for their roles in rheumatoid arthritogenesis [11, 12] . Toll like receptors (TLRs) are molecules of innate immune system, present on the surfaces of macrophages and dendritic cells that are critical for generation of B and T lymphocyte responses under conditions of pathogenic invasion [13] . In recent years, studies on the involvement of TLR-2 in many auto-immune diseases like SLE (Systemic lupus erythematosus) and RA has implicated crucial role of many TLRs in pathogenesis of these autoimmune diseases [14] . Among eleven different subtypes, expression of TLRs, À2, À3, À4 and À7 have been found in RA synovium from mice, indicating their possible involvement in pathogenesis of RA [15, 16] . Apart from the microbial products which are conventional ligands for TLR-2, there are different endogenous molecules expressed within cells at the time of chronic inflammation under conditions of stress, apoptosis and tissue necrosis e.g., heat shock proteins À60 and À70, fibrinogen, fibronectin, hyaluronic acid, tenascin-C. Therefore whether AVE affects the TLR-2 expression in synovial tissues was an obvious question.
The aim of this study was to evaluate anti-arthritic potential of A. vasica against auto-immune arthritis in Swiss albino mice, using collagen-induced arthritis (CIA) model. Effect of the methanol extract of A. vasica in inflammatory response during CIA was studied by measuring CRP, different cytokines in serum and synovial tissue and by assessment of neutrophil accumulation in spleen and synovial tissues. Level of GSH, TBARs, NO and enzymatic activities of SOD and CAT in liver, synovial tissue and spleen was determined to assess the effect of the A. vasica extract in neutralizing oxidative stress during CIA. Immunoblotting experiment has been performed to determine whether AVE has any impact on the changes in TLR-2 expression in synovial tissue during CIA.
Materials and methods

Plant collection and preparation of extract
Whole A. vasica plants were collected from Singur in West Bengal, India. Botanical identification of the samples was confirmed taxonomically by The Botanical Survey of India, Ministry of Environment and Forest, Govt. of India, [Ref No . CNH/50/2014/Tech.II/ 103]. 10 g of dried, finely ground leaves were soaked into 30 ml of 70% methanol at 30 C for 12 h with shaking and the methanol was then allowed to evaporate completely (under sterile conditions) and was filtered with Whatman's #1 filter paper. It was repeated thrice and finally the filtrate was centrifuged at 2000 rpm for 10 min. The supernatant collected was treated with charcoal for decolorization and was then air-dried to completeness under sterile conditions. The yield was 7.1% (7.1 g powdered extract/100 g dried finely-ground leaf). The powdered from of the extract was dissolved into sterile PBS.
Experimental animalsþ
Male Swiss-Albino mice (20e22 g, 3e4 weeks of age) obtained from the Chittaranjan National Cancer Institute, Kolkata, India were used in this study. All the animals were housed in separate polystyrene cages in pathogen-free facilities maintained at 25 [±2] C, with 50e60% relative humidity, and 12 h light: dark cycle. All mice had ad libitum access to normal laboratory diet (NLD) that consisted of 22.5% wheat flour, 60.0% roasted Bengal-gram flour, 5.0% skimmed milk powder, 4.0% casein, 4.0% refined groundnut oil, 4.0% salt mixture and 0.5% vitamin mixture, as recommended for mice, by the National Center for Laboratory Animal Sciences, National Institute of Nutrition, India and filtered tap water. All experiments involving animals were conducted according to the protocols approved by Institutional Animal Ethics Committee (IAEC), Department of Physiology, University of Calcutta, under the guidance of CPCSEA [Approval# IAEC/IV/Proposal/BB-2/2014, dated 26-08-2014], Ministry of Environment and Forest, Government of India. The animals were divided into six experimental groups, each of which containing six mice (n ¼ 36), i.e., NLD fed control group, AVE (100 mg/kg) fed group, CIA group, CIA þ AVE (50 mg/kg) fed group, CIA þ AVE (100 mg/kg) fed group and CIA þ AVE (200 mg/kg) fed group.
Dosage of plant extracts
The doses of plant extract used in this study were determined from oral acute toxicity study. AVE at 500, 750, 1000, 1500, 2000, or 2500 mg/kg body weight doses were administered to mice p.o. Doses up to 2000 mg/kg did not cause death or behavioral changes upto 72 h. According to earlier studies 1/20th of this dose, i.e., 100 mg/kg, was considered as the safe dose for this study [17] . To bracket this value, doses of 50 and 200 mg/kg were also selected as the dose regimen in this study.
Preparation of type II collagen emulsion for immunization
Lyophilized bovine type II collagen (Sigma, St. Louis, MO) was dissolved in 0.05 M acetic acid solution at 2 mg/ml concentration. An equal volume of Freund's complete adjuvant was then added and the solution was emulsified slowly [18] . The booster dose was prepared by emulsifying type II collagen with equal volume of Freund's incomplete adjuvant.
Immunization and treatment
Mice were immunized subcutaneously at the base of the tail with 100 ml of type II collagen-CFA emulsion, and all the mice were provided normal laboratory diet for 20 days. At day 21 after the primary immunization, the mice were again immunized with 100 ml of type II collagen in IFA [18] . The mice were then carefully monitored for onset of early signs of arthritis, i.e., redness/deformities/swelling in the joints and/or toes, etc. After the secondary immunization AVE was administered per orum daily in a volume of 200 ml (animals from the control group received only sterile PBS) from the date of onset of first signs of arthritis (i.e., day 25 after primary immunization), routinely up to day 41 of the experiment (i.e., 20 days after secondary immunization). On day 45 after the primary immunization, all mice were euthanized using ether. The precise protocol by which animal experiment was conducted including administration of CIA, treatment with AVE and the whole duration of the experiment was given below:
Assessment of arthritic scores and joint swelling
Mice were monitored for signs of arthritis for which severity scores were derived as: 0 ¼ no signs of arthritis; 1 ¼ swelling/ redness in only one joint; 2 ¼ swelling/redness in more than one joint; 3 ¼ swelling/redness in entire paw; 4 ¼ severe swelling of entire paw with deformity and/or ankylosis. The macroscopic arthritic score of each mouse was presented as the sum of each score of the four limbs, with the maximum score being 16 for all four limbs. Footpad swelling was evaluated by measuring the thickness of the two hind paws with an electric digital caliper every other day beginning on day 21 after primary immunization (i.e. day 4 after secondary booster immunization). On day 45 after the first immunization, all mice were euthanized for analysis.
Collection of blood and tissue samples
Immediately after being euthanized, blood samples were obtained from each mouse by cardiac puncture. The blood samples were then placed at 4 C for 45 min and then centrifuged at 3000 rpm for 5 min at 4 C. The serum was collected as the pale white yellow colored supernatant, aliquots were assessed for total protein levels using Bradford's method [19] , and the remaining aliquots were stored at À20 C for later analysis. Liver, spleen and synovial joints from the hind and fore limbs were then collected from each animal and stored at À20 C for use in later experiments.
Histopathological analysis of synovial joints
Histopathological analyses of the isolated synovial joints were carried out [20] . Knee joints isolated at necropsy were fixed immediately for 2 h in 4% paraformaldehyde and then de-calcified with 10% EDTA at 4 C. The samples were then embedded in paraffin, sections were prepared (at 6.0 mm thickness), and the tissues were then stained with hematoxylin and eosin prior to analysis using a light microscope.
Serum glutamate oxaloacetate transferase (SGOT) and glutamate pyruvate transferase (SGPT) activity measures
An aliquot (100 ml) of serum was mixed with 0.5 ml SGOT and SGPT substrates and incubated with serum and were allowed to react with 2,4-DNPH solution and another incubation were followed by addition of 0.4 (N) NaOH solution [21] . The intensity of the developed color was read at 540 nm. The SGOT and SGPT activities were expressed in IU/ml of serum.
Assessment of serum CRP level
Concentrations of CRP in serum were determined using a commercial sandwich ELISA kit (My Biosource, San Diego, CA) according to manufacturer instructions, with final absorbance values being measured using a microplate reader (BioRad, Hercules, CA). Values of CRP in samples were extrapolated from a standard curve prepared in parallel. All values were reported as ng CRP/ml serum. The level of sensitivity of the kit was 2000 ng CRP/ml.
2.11. Assessment of TNF-a, IFN-g, IL-1b, IL-6, IL-12, and IL-10 from serum and synovial joints Synovial joints were lysed in lysis buffer (containing 300 mM NaCl, 15 mM Tris [pH 7.4], 2 mM MgCl 2 , 2 mM Triton X-100, 20 ng pepstatin A/ml, 20 ng leupeptin/ml, and 20 ng aprotinin/ml) and then centrifuged at 2900 rpm for 15 min at 4 C; the supernatants were kept at À20 C until use. The homogenates and serum were normalized for protein content by Bradford's method. Concentrations of pro-inflammatory cytokines tumor necrosis factor (TNF)-a, interferon (IFN)-g, interleukin (IL)-1b, IL-6, and IL-12, as well as of anti-inflammatory IL-10, were determined using commercial kits (RayBiotech, Inc., Norcross, GA) according to manufacturer instructions. Levels for each cytokine in a sample were extrapolated from standard curves prepared in parallel. All values were reported as ng cytokine/ml serum. The levels of sensitivity of the kits were 60 pg TNFa, 5 pg IFNg, 5 pg IL-1b, 2 pg IL-6, 5 pg IL-12, and 45 pg IL-10 respectively.
Assessment of chemokines like IL-8 and MCP-1 in synovial joints
Concentrations of IL-8 (My Bio Source) and MCP-1(Ray Biotech Inc) were determined from synovial joint homogenates using commercial ELISA kits. The experiments were performed according to the manufacturer's instructions. The levels of sensitivity of these kits were 2 ng IL-8, and 3 pg MCP-1 respectively.
Determination of myeloperoxidase (MPO) activity in spleen and synovial joints
MPO activity was analyzed to reflect neutrophil (PMN) infiltration into tissues, as it is closely related to the number of PMN present. Spleen and synovial tissues isolated from mouse after sacrifice were homogenized with 20 mM TriseEDTA-HCl (pH 7.0) buffer supplemented with sucrose and protease inhibitor cocktail. Homogenate was mixed with 10 mM potassium phosphate buffer, o-dianisidine dihydrochloride (0.167 mg/ml) and 0.005% H 2 O 2 ; MPO activity was measured at 405 nm [22] .
Assessment of anti-oxidant status in different tissues
Liver, spleen, and synovial tissues were separately homogenized on ice for 30 s using a Polytron homogenizer with ice cold 50 mM potassium phosphate buffer (pH 7.4). Homogenates were centrifuged at 9000 rpm for 20 min at 4 C,supernatants were collected and aliquots were used to assess the total protein content by Bradford method and anti-oxidant status. GSH was estimated as acid soluble sulfhydryl content, by its reaction with DTNB (Ellman's reagent) in m moles/mg of tissue protein [23] . The tissue contents of lipid peroxidation products in tissue homogenate were determined as the generation of thio-barbituric reactive substances in n moles/ mg of tissue protein [24] . SOD enzyme activity in tissue homogenate was measured as the amount of enzyme capable inhibiting 50% oxidation of pyrogallol [25] . CAT enzyme activity in tissue homogenate was measured as the decomposition of H 2 O 2 in m moles/min/mg of tissue protein [25] .
Assessment of NO production in synovial joints
Nitrite concentrations in paw tissues were measured as an index reflecting local NO production. Synovial tissues were homogenized into ice cold 1 ml sterile PBS. After centrifugation at 12,000 rpm for 30 min at 4 C, supernatants were collected and analyzed for NO production using a modified Griess method, as described earlier [26] . The amounts of NO produced were determined by extrapolation from a standard curve prepared in parallel using sodium nitrite.
Immunoblot analysis for TLR-2 expression in synovial tissue
Synovial joints isolated during euthanasia from different groups of mice were lysed with RIPA buffer, supplemented with Nonidet P-40. 60 mg of tissue lysate was removed, denatured at 100 C for 5 min, resolved by 10% SDS-PAGE, and then electro-transferred onto nitrocellulose membranes. After blocking for 2 h at 4 C in TBST (20 mM TriseHCl [pH 7.4], 150 mM NaCl, 0.1% Tween 20), containing 5% BSA, the membrane was washed thrice in TBST and probed overnight at 4 C with anti-mouse-TLR-2 antibody (1:400 dilution; Biorbyt Ltd., Cambridgeshire, UK) in TBST, supplemented with 1% BSA. Blots were then washed thrice in TBST, incubated for 2 h at 4 C with appropriate HRP-conjugated secondary antibodies (1:5000 dilution; Biorbyt Ltd. UK). The final signal was developed using Super Signal-chemiluminescent-substrate (Thermo Scientific, USA). Each blot was then exposed to X-Omat BT films (Kodak, Windsor, CO) and bands were quantified using QUANTITY ONE software (Bio-Rad, Inc., Hercules, CA).
Statistical analysis
All data are reported as mean ± SD. Assessment of significant differences between groups were performed using a 1-way Analysis of Variance (ANOVA). A p-value < 0.05 was considered significant. A Scheffe's F-test post-hoc test for multiple comparisons of the different groups was done when significant p-values were obtained.
Results
Macroscopic arthritic scoring and footpad swelling in CIA mice treated with AVE
Arthritis was induced in mice z3 weeks after primary immunization with collagen II-CFA, i.e. 4 days after booster immunization with collagen II-IFA. In the course of treatment with AVE, it was observed that daily administration of the three doses of AVE, i.e., 50, 100, or 200 mg/kg, significantly inhibited arthritic progression (Fig. 1A and B) . Maximal inhibition in arthritic scoring and footpad swelling was observed at the day 12 after booster immunization in the different groups of mice.
Histopathological analysis of knee joints in CIA mice treated with AVE
Hematoxylin-eosin staining of arthritic joint sections isolated from the mice in the various experimental groups revealed detectable degradation in the joint synovial tissues, inflammation, PMN accumulation and necrosis after collagen administration (Fig. 2) . These indices of tissue damage appeared to be attenuated by AVE treatment at a dose of 100 mg/kg in CIA induced mice.
Effect of AVE on SGOT and SGPT concentrations
Administration of collagen II significantly increased levels of SGOT and SGPT, the markers of bone erosion, in the serum in case of CIA mice as compared to the NLD-fed control and AVE (100 mg/kg)-fed mice. All the three doses of AVE significantly reduced the SGOT and SGPT (Table 1) and suggesting an ability of the extract to mitigate bone erosion at times of arthritic progression. The reduction in the serum concentration of these enzymes was maximum with the 200 mg/kg AVE oral administration in CIA mice.
Effect of AVE on serum CRP levels
A significant increase in serum concentrations of C-reactive protein (CRP) in the CIA mice challenged with type II collagen emulsion was observed (indicating acute tissue damage) in comparison to outcomes noted in the NLD-fed control and AVE (100 mg/kg)-fed mice ( Table 2 ). Administration of the three different doses of AVE from the day of onset of arthritic symptoms significantly reduced the concentration of this acute phase protein in serum from CIA mice.
Effect of AVE on serum cytokine concentrations
The concentrations of pro-inflammatory TNFa, IL-1b, IFNg, IL-6, and IL-12 were elevated in the serum of the mice challenged with type II collagen (CIA group) as compared to the NLD and AVE-fed groups. Treatment with AVE in CIA induced mice significantly decreased these cytokines in serum (Fig. 3AeE) . On the other hand, the concentrations of IL-10 ( Fig. 3F) , a major anti-inflammatory cytokine, was reduced in CIA mice as compared to the NLD and AVE-fed mice. Treatment with AVE have significantly restored IL-10 level in serum from CIA mice.
Effect of AVE on synovial cytokine/chemokine concentrations
Levels of pro-inflammatory TNFa, IL-1b, IFNg, IL-6, and IL-12 in synovial tissue homogenates were also increased in the CIA mice in comparison to NLD and AVE-fed counterparts. The CIA mice also had suppressed synovial IL-10 levels as compared to other groups. Treatment with AVE significantly suppressed the increases in local concentration of the pro-inflammatory cytokines in synovial tissues (Fig. 4AeE ), and significantly increased the level of IL-10 ( Fig. 4F) . In addition, CIA mice showed a significant elevation in tissue levels of IL-8 and MCP-1, two important chemokines in the joint synovium. A marked decrease in levels of these chemokines was also observed with treatment of AVE ( Fig. 4G and H) in CIA mice. 
Effect of AVE on MPO activity in spleen and synovial tissue
Myeloperoxidase activity (MPO; measure of neutrophil activation in/infiltration into tissues) was assessed in the spleen and synovial tissues. The results indicated significant elevation of MPO in both tissues in the CIA mice compared to counterpart tissues from NLD and AVE-fed groups. Treatment with AVE significantly reduced MPO activity in both tissues from CIA mice, suggesting an inhibitory effect of AVE on tissue neutrophil accumulation (Fig. 5A and B) .
Effect of AVE on anti-oxidant status in hepatic, splenic and synovial tissues
GSH content as well as CAT activities were significantly decreased in the liver, spleen and synovial tissue in CIA mice, along with concomitant increase in LPO content and SOD enzyme activities. Treatment with AVE at the different doses restored GSH levels, as well as CAT activities nearly those in the controls, indicating that AVE have potentially reduced ROS-mediated oxidation of Table 1 Serum concentration of SGOT (in IU/ml) and SGPT (in IU/ml).
Sl. No.
Groups SGOT in IU/ml (mean ± SD) SGPT in IU/ml (mean ± SD) ffects of AVE on SGOT and SGPT levels. Changes in the SGOT and SGPT activities in serum from the mice of all the six groups. The results were reproduced in three repeated experiments. Values are expressed as means ± SD of six mice per group. P value less than 0.05 was considered as significant. *indicates significant (P < 0.05) difference in comparison to NLD (control), # indicates significant difference (P < 0.05) in comparison to AVE (100 mg/kg) fed mice and^indicates significant difference (P < 0.05) in comparison to CIA induced mice.
Table 2
Serum concentration of C-reactive protein (in ng/ml).
Sl. No.
Groups Concentration of serum CRP in ng/ml (mean ± SD) ffects of AVE on serum CRP levels. Concentrations of serum CRP (in ng/ml) measured from all the six groups using ELISA method. The results were reproduced in three repeated experiments. Values were expressed as means ± SD of six mice per group. P value less than 0.05 was considered as significant. *indicates significant (P < 0.05) difference in comparison to NLD (control), # indicates significant difference (P < 0.05) in comparison to AVE (100 mg/kg) fed mice and^indicates significant difference (P < 0.05) in comparison to CIA induced mice. glutathione and ROS generation in those tissues. AVE treatment also have attenuated the LPO content and SOD activities in liver, spleen and synovial tissues significantly (Figs. 6e8) in CIA mice.
Effect of AVE on NO production in synovial tissues
NO production in the synovial tissues in mice with AVE treatment was significantly reduced in CIA mice (Table 3) , indicating a protective role of the AVE during chronic inflammation in synovial tissue.
AVE attenuated TLR-2 expression in synovial joints of CIA mice
Elevated TLR-2 expression in synovial tissues was observed in CIA mice (Fig. 9 
Discussion
RA in mice is almost exactly mimicked by collagen-induced arthritis, with neovascularization and pannus formation leading to synovitis type of inflammation [27] , instead of the basic difference in initiation of pathogenesis, i.e. in case of RA the individual develops antibody against citrullinated peptides of vimentin and fibronectin, whereas in case of CIA, the antibody response is driven against type II collagen, a component of diarthodial joint. In the present study we have shown that oral administration of AVE to mice provided protection against the progression of auto-immune arthritis as indicated from the results of arthritic scoring, following the booster injection with collagen-IFA which was observable from the day 12 after booster immunization. Histopathological study of joints also supported the fact that A. vasica provided significant resistance against bone damage during chronic inflammatory reactions, the fact further supported by attenuation of SGOT and SGPT by AVE, the clinical markers for arthritis.
Collagen type II in emulsion with CFA activates both the cellmediated and humoral arms of the immune system that depends on MHC presentation to the T-cells [28] . Activation of T-cells provide cytokines, i.e. IL-2, IFN-g that are typically important for triggering sufficient inflammatory responses in the body. Immune complexes deposited into the synovial joints elevate proinflammatory cytokines in serum, through induction of mononuclear cells [29] . In circulation these immune complexes can stimulate peripheral PMNs and macrophages to secrete proinflammatory cytokines, like TNF-a, via FcgRIIa on the macrophages [29] . In both ways, there is activation of synovial macrophages which ultimately results in increased production of TNF-a and IL-1b, two key pro-inflammatory cytokines involved in RA pathogenesis [30] . Besides TNF-a and IL-1b, other equally important cytokines like IL-6, IL-12 and IL-15 are also produced by the synovial macrophages, which are pro-inflammatory in nature.
Among a number of different pro-inflammatory mediators, IL-6 in particular can induce acute phase inflammatory response in ffects of AVE on NO production in synovial tissues. Alterations in production of nitric oxide (mg/g of tissue protein) in synovial tissues from all the six different groups of animals. The results were reproduced in three repeated experiments. Values are expressed as mean ± SD of six mice per group. P value less than 0.05 was considered as significant. *indicates significant (P < 0.05) difference in comparison to NLD (control), # indicates significant difference (P < 0.05) in comparison to AVE (100 mg/kg) fed mice and^indicates significant difference (P < 0.05) in comparison to CIA induced mice. hepatic tissues during CIA and results in an increment in the serum levels of CRP, SAA, pentraxins and other inflammatory mediators [31] . Serum CRP, a surrogate marker of disease severity that correlates with final outcome of arthritis [32, 33] is also a potent endogenous ligand for TLR-2 present on the surfaces of synovial fibroblasts, PMNs and macrophages [34] , and it's transcription is regulated by pro-inflammatory cytokines including IL-6 [35] . Since regulation of TLR-2 expression has been correlated to protection in many diseases, treatment of arthritic mice with AVE that affect CRP and IL-6 could reasonably be expected to translate into clinical efficacy against RA [36] .
Serum concentration of CRP, the most common type of acute phase proteins was tested in our experiments and was found to be significantly attenuated in case of CIA mice treated with AVE. This explains protective role of AVE against liver damage and inflammatory reactions in hepatic tissues during pathogenesis of CIA. TNF-a, IL-1b, IL-6 and IL-12 were also found to be attenuated with AVE treatment when measured in serum as well as synovial tissues of CIA mice. IL-10 is the most potent anti-inflammatory cytokine and a chief regulator of arthritogenesis [37] which was also elevated in serum and synovial joints after AVE treatment in CIA mice. Elevation in myeloperoxidase activity from spleen and synovial joints with concert to the marked reduction in IL-8 and MCP-1, the two biologically important chemokines for PMNs and monocytes in the synovial tissues in CIA mice treated with AVE shows inhibitory potential of AVE against neutrophil and monocyte infiltration in synovial joints.
Restored GSH level and attenuation of the lipid peroxide generation along with modulated enzymatic activities of superoxide dismutase (SOD) and catalase (CAT) in liver, spleen and synovial joints from CIA mice treated with AVE might dictate how the antioxidant or radical scavenging activity of AVE attenuates chronic inflammation in arthritic joints. TNF-a dependent NO production in inflamed synovium has been described as a major cause of synovial hyperplasia in RA through onset of hypoxia mediated angiogenesis [38] and the suppression of NO production in synovial joints in our study might have been resulted from decreased TNF-a and iNOS expression in CIA mice treated with AVE.
Amongst a number of different endogenous ligands, there are two such molecules that primarily activate TLR-2; gp96, a component of synovial lining and serum amyloid A, an acute phase protein released during liver inflammatory responses [39] . In our study we found suppression of TLR-2 expression in arthritic joints from CIA mice treated with AVE. To explain the mechanism how AVE dampened TLR-2 expression, we can speculate from the MPO activity and CRP level in CIA mice which shows a marked reduction after AVE treatment. MPO activity as a direct marker of neutrophil accumulation, along with local chemokines (IL-8 and MCP-1) clearly depicts a significant decrease in neutrophil in synovial joints from CIA mice treated with AVE. AVE, prevents oxidative stress in liver, and therefore is also expected to suppress the acute phase response in liver and CRP level in serum. Therefore, decreased PMN infiltration in synovial joints that is directly proportional to the amount of TLR-2 expressed in the synovial tissue along with decreased CRP, the potent activator of TLR-2 mediated signaling pathway can be correlated to the suppression of TLR-2 expression from arthritic joints in CIA mice treated with AVE. Therefore, suppression of TLR-2 expression in arthritic joints in collagen induced arthritic mice after treatment with AVE could be a therapeutic approach.
In an unpublished observation GCeMS study confirmed abundance of diterpene such as phytols, hexadecanoic acids, alkaloids such as 2'-(trimethylsiloxy)-2emethyl-7-phenylindole -1-Hpyrrolo [2, 3-b] pyridine -1-propionitrile and glucosinolates like desulphosinigrin which was identified in the AVE. However, the effect shown by AVE that ameliorates CIA induced inflammation and progressive bone damage is an outcome of a cumulative effect of all these bioactive compounds, therefore further studies are warranted on these chemical constituents from methanol extract of leaves of A. vasica after purifying them and administering them separately in animal models with respect to collagen induced arthritis.
Conclusion
The present study has demonstrated that the administration of methanolic extract of A. vasica leaf improves against chronic inflammation during deleterious progression of RA by downregulating synovial TLR-2 expression and pro-inflammatory mediator release and it can be used in pharmacological research for future drug discovery and development in the fields of rheumatology.
